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ABSTRACT
Objective: This study aims in understanding the effects of Integrated Amrita Meditation (IAM), a type of mindfulness meditation, on the autonomic 
balance of type 2 diabetic patients through assessment of heart rate variability (HRV).
Methods: After the initial screening of 30 type 2 diabetic subjects, 10 type 2 diabetic subjects between the age group of 30 and 65 years were 
randomized into two groups, diabetic test (n=5) and diabetic control group (n=5). Diabetic test group practiced IAM technique under the guidance of 
a trained practitioner. Both the groups continued the same dietary pattern and medications during the 6-month study period. HRV was taken for all 
subjects at baseline and after 6 months. In our study, we have focused on the power spectral analysis of HRV which include normalized units of high 
frequency (nHF), low frequency (nLF), and low frequency-high frequency ratio (LF/HF ratio).
Results: Mean percentage change in nHF, nLF, and LFHF ratio showed significant changes in between-group comparison (p<0.05). Normalized units 
of HF increased (p=0.049) while LF (p=0.036) and LFHF ratio (p=0.024) decreased significantly within test group after 6 months of IAM practice 
suggesting the potential of IAM in improving the parasympathetic tone, thereby tuning the mind and body to calm down during stress.
Conclusion: Our study has shown demonstrable improvement in autonomic function which reflects reduced stress after the practice of IAM in 
diabetic patients.
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INTRODUCTION
The past two decades have witnessed an increase in psychological 
interventions through mind-body medicine in clinical practices to 
impart effective treatment regimens in various stress-related diseases 
such as diabetes, hypertension, depression, and anxiety-related 
disorders [1]. Unlike healthy individuals, in the patient population, 
especially diabetic subjects, the distress and agony of the affliction and 
the related worsening of disease are common and continue as a vicious 
circle unless their stress component is managed effectively. Hence, 
a better understanding of the effect of meditation on the autonomic 
nervous system (ANS) of an individual is crucial as the latter plays a 
pivotal part in regulating the emotional component within the human 
body. A measure of beat-to-beat variability in heart rate that is mediated 
by the autonomic nervous systems is referred to as heart rate variability 
(HRV) [2]. HRV signifies a person’s capacity to balance their emotions [3] 
and hence can be used as a tool to portray one’s emotional resilience [4].
Hon and Lee in 1965 were the first to demonstrate the clinical 
application of HRV. They showed that in fetal distress, disturbances 
in HRV were observed before changes in the heartbeat itself [5]. Later 
in the 1970s, HRV changes in diabetic subjects were used to predict 
autonomic neuropathy even before the onset of symptoms [6]. Several 
further studies on diabetic subjects confirmed the reduction in HRV in 
diabetics as compared to healthy controls. HRV is found to be lowered 
in diabetic patients than healthy individuals [7].
In the past two decades, there has been a rapid increase in the number of 
people diagnosed with diabetes worldwide [8,9]. Conspicuous changes 
in human environs, habits, and lifestyle accompanied by globalization 
have resulted in mounting rates of both obesity and diabetes [10]. Since 
Type 2 diabetes mellitus (T2DM) is a psychosomatic illness, treating 
the somatic and symptomatic aspects of the disease alone will not help 
in curing the patient. The psychiatric aspect of the disease, especially 
stress, must be addressed. Focusing on effective stress-relieving 
strategies would be of paramount importance for attaining a healthy 
living for diabetic patients as such interventions can help delay the 
progression toward severe complications by shifting the autonomic 
balance toward parasympathetic activity and thereby reducing the 
stress-induced hyperglycemia in diabetic subjects. International 
Diabetes Federation recommends evidence-based care as they are cost 
effective and can be made available to all people with diabetes [11]. 
Relaxation exercises such as yoga and meditation can be easily learned 
and practiced as it is safe, non-invasive and demanding very little in 
terms of equipment or professional training [12,13].
Integrated Amrita Meditation® (IAM) technique, a trademarked technique 
designed by Mata Amritanandamayi Math (MAM), is a form of meditation 
whose origin is fundamental to Indian Tantric practices. It encompasses 
yogic postures, breathing exercise, and meditation, all three components 
which can be practiced easily within 23 min. This again is conducive for 
the modern fast-paced life [14]. Through a 5-year study of IAM on normal 
healthy individuals [15], it was shown that the technique succeeded 
in bringing significant changes in one’s attitude toward stress. Thus, 
understanding the potential of IAM technique in stress management, we 
planned to conduct this pilot study to determine the effect of IAM on the 
autonomic nervous system of diabetic subjects which would help us to 
understand the impact of meditation more deeply.
© 2020 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons. 
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The objective of our study was to determine the modulation of 
autonomic nervous system through HRV in Type 2 diabetic subjects and 
to compare the changes with a control group. Furthermore, this pilot 
study was aimed to sort out any practical problems in collecting the 
data on HRV and those related to the conduct of IAM meditation by the 
participants. This is the first study of IAM technique on patients.
METHODS
Subjects
Ten type 2 diabetic subjects between the age group of 30 and 65 years 
with diabetes of 1–10 years duration and whose HbA1C level ranged 
between 7 and 10% and who volunteered to participate in the study 
were recruited from Endocrinology Outpatient Department of Amrita 
Institute of Medical Sciences.
Ethical aspects
The study protocol conforms to ethical guidelines of the “World Medical 
Association Declaration of Helsinki Ethical Principles for Medical 
Research Involving Human Subjects” adopted by the 18th WMA General 
Assembly, Helsinki, Finland, June 1964, as revised in Tokyo, 2004. The 
protocol received Institutional Human Research Ethical Committee and 
Scientific Advisory Committee clearance before the commencement 
and subjects signed informed consent forms before participation in the 
study.
The study was conducted from December 2018 to June 2019. The 
recruited patients had not previously undergone any specialized 
relaxation training and volunteered to participate in the study. Patients 
diagnosed with advanced diabetic complications – ongoing treatment 
for retinopathy/renal impairment/symptomatic or unstable heart 
disease/uncontrolled BP were excluded from the study.
Study design
The subjects were randomly assigned to two groups. Randomization of 
the study participants to both the groups was done through computer-
generated sequence. Group 1 consisting of Type 2 diabetic patients 
receiving standard medical care and undergoing IAM technique 
(diabetic test group/IAM group) and Group 2 consisting of Type 
2 diabetic patients receiving standard medical care alone and not 
undergoing any relaxation exercises (diabetic control group). IAM 
technique is taught by teachers who are well versed with the technique 
and approved as teachers by the MAM. Both the groups continued with 
the same dietary pattern and there was no change in medication during 
the study period. The study duration was for 6 months.
Materials and methods of HRV data collection
Before starting the meditation, HRV was taken in the test group 
subjects. All patients’ data collection was done at the neurology 
electroencephalogram (EEG) laboratory of Amrita Institute of Medical 
Sciences. For the test group subjects, the data were collected on the 
day before the course. Since the human cardiac function is regulated 
differently by ANS in a day, the experiments were conducted during 
the same period (3 pm–6 pm) to ensure similar states of ANS for all 
subjects. Subjects reported to study after refraining from food for 2 h 
and stoppage/minimizing the consumption of tobacco, alcohol, and 
caffeine products at least a day before the study was recommended. The 
commercial device used for collecting data which was Xltek Trex HD 
(Natus Medical Incorporated, USA). After explaining the procedures, 
the patient was connected with limb leads of ECG, and the parameters 
of HRV were obtained in supine position after 10 min of rest. The 
recorded data of 30 min duration were converted to European Data 
Format (EDF) by acquisition software and then processed using code 
written in MATLAB (a computer programming language). First and last 
30 s periods of supine rest were excluded because of many artifacts 
related to “starting and finishing” the rest period.
HRV analysis methods
Frequency domain or power spectral density (PSD) analysis and time 
domain analysis are the two main analytical methods used to analyze 
HRV [15]. In our study, we have focused on the power spectral analysis 
of HRV. Low frequency (LF, 0.04–0.15 Hz) and high frequency (HF, 0.15–
0.4 Hz), when expressed in their normalized units (n.u), are suggestive 
of the balanced behavior of sympathetic and parasympathetic branches 
of ANS. nLF is mainly contributed by sympathetic tone though some 
contribution from parasympathetic activity also exists. nHF is solely 
contributed by the parasympathetic tone and LFHF ratio gives an idea 
about the sympathovagal balance [16].
Subjects in the IAM group practiced the technique once daily and 
compliance was assessed by a self-maintained diary. Apart from 
assessing the diaries, compliance would also be assured by frequently 
telephoning the subjects and confirming that they are regularly 
practicing the technique. Furthermore, there were periodic refresher 
courses. Practicing the technique minimum 4 times a week was taken 
as the standard of compliance.
Statistical analysis
Statistical analysis was performed using IBM SPSS Version 20.0 software. 
Categorical variables are expressed using frequency and percentage. 
Continuous variables are presented using mean and standard deviation. 
To test the statistical significance of the mean changes of continuous 
variables between groups, the Mann–Whitney U-test was used. To test 
the statistical significance of the mean changes of continuous variables 
from the first visit to second visit within groups, the Wilcoxon signed-
rank test was used. p<0.05 was considered as statistically significant.
RESULTS
Of the 30 type 2 diabetic subjects who were screened, informed, 
and assessed for eligibility for the study, 9 subjects did not meet the 
inclusion criteria, 2 gave reasons of travel and increased workload at 
the office, 1 had ill health, and 18 agreed to participate. However, on 
further being informed about the study intervention and time of the 
study, 8 immediately withdrew leaving 10 participants. They were 
randomized to two groups, namely, IAM group (test group) and control 
group with five in each arm. Subsequently, no further attrition occurred. 
Table 1 provides the sociodemographic characteristics of the study 
participants. The mean age of the IAM group subjects was found to be 
50.40±8.41 years and that of the control group subjects was 53.75±7.80 
years. 4:1 was the female-to-male ratio in the test group while 3:2 was 
their ratio in the control group. The groups were found to be comparable 
on the basis of age and sex (p>0.05) (Table 1).
In the diabetic test group, we could observe a statistically significant 
increase in the HF component (nHF) while a significant decrease in the 
LF component (nLF) after 6 months of study. Continuous IAM practice 
within the test group had significantly increased the parasympathetic 
tone as indicated by nHF from a baseline value of 21.72±9.47 to 
37.72±11.63 (0.049) and nLF mainly suggestive of sympathetic tone 
had dropped from a baseline of 72.02±8.28 to 60.50±11.98 (0.036). 
The LF:HF ratio when compared within the test group also showed a 
significant decrease again suggesting the sympathovagal balance to 
more of parasympathetic activity. The LF:HF ratio had decreased from 
3.85±1.62 to 1.82±0.91 over the study period (0.024). Although not 
statistically significant, we could observe a decreasing trend for the nHF 
component and an increasing trend for nLF and LFHF ratio within the 
control group of diabetic subjects (Table 2).
Table 1: Sociodemographic characteristics of the study 
participants






Age (years) 50.40±8.41 53.75±7.80 0.461
Gender (Female:male) 4:1 3:2 0.490
IAM: Integrated amrita meditation
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When the mean percentage change of the frequency domain measures 
nHF, nLF, and LFHF ratio was analyzed between the two groups, we 
observed statistically significant differences for all three domains. 
Considering the nHF change, in the diabetic test group, an average 
percentage increase of 91.98±79.20 was observed while in the control 
group, the mean percentage drop was 32.86±46.83. This difference was 
statistically significant (p=0.021) between group comparison. Similarly, 
a significant difference was noted in the mean percentage change of nLF 
and LF HF measures between the groups. The average percentage drop 
of nLF in the IAM group came to 16.16±11.79 while the mean percentage 
increase of nLF in the control group was 11.07±17.44. This change was 
again statistically significant between the groups (p=0.023). A similar 
change was noted in the mean percentage change for the LF:HF ratio 
also. The mean percentage drop in the LF-HF measure in the IAM 
group was 48.87±23.28 while the control group showed an increase 
of 51.70±93.24%, which was also statistically significant difference on 
between-group comparison (p=0.047) (Table 3).
DISCUSSION
Mind-body interventions are extremely beneficial in stress-related 
mental and physical disorders [17]. The question being addressed 
in this article is does IAM practice improve the autonomic balance 
toward parasympathetic dominance in Type 2 diabetic patients? Our 
pilot study was carried out to understand the effect of meditation 
practice on the overall autonomic balance of the individual and thereby 
substantiate the hypothesis put forward by eminent researchers in the 
field of complementary medicine and psychophysiology.
Although there is numerous literature that looked on the effect 
of various yoga and/or meditation techniques on HRV of normal 
individuals [2,18-20], its effect in the diabetic population is limited. 
Studies have proved that meditation programs are beneficial for diabetic 
patients in improving their glycemic control and increasing their 
adherence to treatment protocols by way of reducing their psychological 
stress levels [21,22]. The previous study on the impact of IAM on stress 
in type 2 diabetic subjects has shown that better glycemic control can 
be attained through the reduction of psychological stress by regular 
practice of IAM along with usual diabetic treatment regimens [23].
In our study, the increase in normalized HF in the meditation group 
after IAM technique was in line with the previous studies of meditation 
and HRV. HF band is suggestive of the parasympathetic activity and is 
often called the respiratory band. Our study also showed a decrease in 
the LF band which represents more of a sympathetic tone along with 
some parasympathetic influence. The LF/HF ratio which primarily 
indicates the sympathovagal balance also showed a decrease in the 
meditation group after 6 months of intervention. Altogether these 
changes suggest the sympathovagal balance toward a parasympathetic 
activity.
Concordant findings were observed in a study that looked on the HRV 
of 36 subjects at baseline and after 10 days of intensive Vipassana 
meditation. The HF band increased as expected and the LF showed a 
decrease in the meditation task compared to resting baseline in their 
study. The normalized units of HRV were again concordant with other 
meditation studies. Zen meditation practice also showed a significant 
increase in the HF norms as well as a significant decrease in the LF 
norms [18].
In a study on heart rate variability by a mindfulness-based stress 
reduction program (MBSR), LF norm decreased and HF norm increased 
in 22 healthy volunteers following 8 weeks of intervention. This study 
also suggested that meditation could improve sympathovagal balance 
compared to controlled respiration alone [19]. Similar changes were 
observed following Qi gong and Kundalini meditation by Peng et al. 
when compared to controlled breathing [24,25]. A potent balance 
exists between sympathetic and parasympathetic nervous systems in 
a healthy, adaptable, and reactive nervous system. Any disharmony to 
this system will lead to a myriad of psychophysiological challenges to 
health and well-being [2].
The effect of two selected yogic breathing techniques on HRV was 
studied by Raghuraj et al. 1998. Kapalbadhi and Nadishudhi were 
the two breathing techniques used in their study. The results showed 
a significant increase in low-frequency (LF) power and LF/HF ratio 
while high-frequency (HF) power was significantly lower following 
Kapalabhati. An increased sympathetic activity accompanied by 
reduced vagal activity has been explained for this change in autonomic 
status during this particular breathing technique [20].
Polyvagal theory by Stephen Porges has been explained in the context 
of involvement of role of ANS particularly parasympathetic activity in 
behavioral changes, mood, and psychological flexibility. His polyvagal 
theory (1994) shows us that when faced with threat or danger, we 
first turn to our social engagement system to reestablish safety. If 
that does not bring us to safety, we turn to our fight/flight response. 
Finally, if that does not bring us to safety then our mind and body move 
into collapse and shut down stage [26]. If we could widen the social 
engagement system through meditation interventions that can promote 
the parasympathetic activity, it would be beneficial to the diabetic 
population in particular as they are exposed to repeated stress and 
trauma of lifelong medications which can end up in minimal resilience 
toward hardships in life.
CONCLUSIONS
Our study has shown demonstrable improvement in autonomic function 
which reflects reduced stress suggestive of enhanced parasympathetic 
activity after the practice of IAM in diabetic patients.
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Table 3: Comparison of mean percentage difference of frequency 
domain measures of HRV between two groups
Variable IAM group (n=5) 
Mean±SD (%)
Control group (n=5) 
Mean±SD (%)
p value
nLF −16.16 ± 11.79 11.07±17.44 0.023*
nHF 91.98±79.20 −32.86±46.83 0.021*
LFHF −48.87±23.28 51.70±93.24 0.047*
*Statistically significant. IAM: Integrated amrita meditation, HRV: Heart rate 
variability
Table 2: Comparison of frequency domain measures within each 
group
Variables Visit IAM group 
(n=5)
p value Control 
group (n=5)
p value
Mean ± SD 
(%)




1 72.02 ± 8.28 0.036* 46.12 ± 25.50 0.138
2 60.50 ± 11.98 61.06 ± 16.60
nHF 1 21.72 ± 9.47 0.049* 52.42 ± 25.95 0.138
2 37.72 ± 11.63 37.22 ± 17.58
LFHF 1 3.85 ±1.62 0.024* 1.59 ± 1.94 0.345
2 1.82 ± 0.91 2.11 ± 1.27
*Statistically significant. IAM: Integrated amrita meditation
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